Introduction
Studies have noted that people with epilepsy have a higher risk of mortality from seizure-related causes (e.g., status epilepticus, seizure control), underlying etiology (congenital conditions, cerebrovascular disease), comorbidity (psychiatric disorder), and unrelated causes [1] [2] [3] [4] . Despite recognized population burden [5] , no recent study has examined trends in mortality associated with epilepsy in the United States. To inform public health measures to prevent epilepsy-related deaths, we examined trends in mortality with epilepsy as a listed cause of death overall, and by age, sex, and race and ethnicity.
Methods
Using the Centers for Disease Control and Prevention Wide-ranging Online Data for Epidemiologic Research (WONDER; http://wonder.cdc. gov) multiple cause of death database, epilepsy deaths for the years 2005-2014 were examined by age group (≤24, 25-44, 45-64, 65-84, ≥85 years), sex, and race/ethnicity (non-Hispanic White, non-Hispanic Black, Hispanic, Asian/Pacific Islander, or American Indian/Alaska Native). Mortality data in WONDER are based on death certificates for U.S. residents. Each death certificate contains a single underlying cause of death and up to twenty additional multiple causes. We used the multiple cause of death data to determine epilepsy as any listed cause of death defined by the International Classification of Diseases, Tenth Revision (ICD-10) codes G40.0-G40.9. We also compared the proportion of deaths for epilepsy as the underlying cause of death compared to total epilepsy deaths. We calculated age-specific rates overall and agestandardized (to the year 2000 US population [6] 
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Results
The total number of deaths with epilepsy as any listed cause was 1760 in 2005 and 2962 in 2014 (Supplemental Tables 1 and 2 ). Epilepsy was listed as the underlying cause of death for about 54% of all deaths with any mention of epilepsy in 2005 and for 43% of such deaths in 2014. In both 2005 and 2014, age-specific death rates with any-listed epilepsy increased for each successive age group. Age-standardized rates were higher in males than females and were highest among non-Hispanic blacks. Asian or Pacific Islanders had the lowest rates in 2014. Fig. 1 illustrates annual age-adjusted death rates from 2005 to 2014 for any-listed epilepsy overall, by sex, and by selected race/ethnicity groups. Overall, age-adjusted mortality rates per 100,000 population for epilepsy as any-listed cause of death significantly increased from 0.58 in 2005 to 0.85 in 2014 (47% increase). Age-adjusted rates increased from 2005 to 2014 for both males and females and for nonHispanic whites, non-Hispanic blacks, and Hispanics. Rates were considered unstable for Asian/Pacific Islanders and for American Indian/Alaska Natives for most of the 10-year period. The significantly higher rate among non-Hispanic blacks compared to other race and ethnic groups remained so throughout the 10-year period.
Overall, age-adjusted mortality rates per 100,000 population for epilepsy as the underlying cause of death showed a corresponding increase from 2005 to 2014 (Supplemental Table 2 ). Significant increases were observed among those aged ≤24 and ≥85 years, among both males and females, and among non-Hispanic whites (Supplemental Table 2 ).
Conclusions
Although not a leading cause of death in the United States, deaths with epilepsy as a listed cause of death significantly increased among the general population since 2005. Our analyses suggest that about 40-50% of deaths with epilepsy listed included epilepsy as the underlying cause of death. These findings supplement recommendations from the Institute of Medicine [7] and others for heightened efforts to prevent epilepsy-associated mortality [1] [2] [3] [4] . Complex, myriad factors interact to cause increased mortality risk [3] . Health care providers can discuss elevated mortality risk with their patients, and they can promote evidenced based programs to decrease known risk factors (e.g., smoking, physical inactivity, psychological distress), improve epilepsy self-management, and refer patients with uncontrolled seizures to specialty care [7] .
At least two caveats should be pointed out. First, these data only include those for which epilepsy was listed as a contributing cause of death. Epilepsy likely was not listed on death certificates for all people who had epilepsy. Second, we examined only ICD-10 codes G40 which includes probable epilepsy as a cause of death. We did not include other ICD-10 codes such as status epilepticus (G41) which may include some epilepsy deaths [8] , but also include other conditions. CDC WONDER data can be used to examine trends in epilepsyassociated mortality and help to assess the effectiveness of prevention efforts implemented by health care providers and public health practitioners to reduce the burden of epilepsy-related deaths.
